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IN THE CLAIMS 

Please amend (he following Claim as indicated. 



1 . (Currently amended) An autcxalibrating spectrometer comprising: 
a light source; 

a reference sample havinfi known reflection: 

a rm detector for ouCDUttinp electrical si piak correspnndinp to Hpht sipnals that ar^, 
detected thetiehY; 

an fiist optical clement diat transmits light toward the refercricc sample and thai reflects 
a ^mall amount of light; 

o d e teotor for outputting ijloctrical > ; ign;iU- r-nn- . ^rp^n^inc to It'chr fii £n nl o that or o dotootod 
thereby; 

opUcal coupling apparatus that couples light from the Ught source to the first optical 
element and cotiples lioh t tetlected from the first optical element and Ught inflected fi-ni^ ^ h^ 
reffergnyg^sample a s ample under measurement, and to the first detector; 

a shutter assembly disposed between the fit^it oTitical element and the reference sample 
that selectively couples light or inhibits light transmitted bv tl^^ first ontical elemftti| from 
impinging upon and being reflected by a the reference sample having known roflootion or tho 
fl amplo under moosuromont ; and 

a controller coupled to the fijst detector that processes the electrical signals output 
thereby comestxinding to levels of lipht derived fmm the first optical element and the refemp r^ 
Mmpk and implements an algorithm that calculates a calibration value for the spectrometer at 
each wavelength of light output by the li^t source using a piedeterminod equation to 
autocalibmte the spectrometer. 

2, (Currently amended) The spectrometer recited in Claim 1 wherein the optical 
coupling apparatus comprises a fiber optic cable that couples Ught from the light soufxse to the 
firal optical element, and which comprises at least one illumination fiber for coupling light to the 
S sample under measurement disDO^;ed in place of the refer ence sample , and a detector fiber that 
collects light reflected from the Qm optical element and directs it to die fio<j detector. 

3. (Currently amended) The spectrometer recited in Claim 1 wheitin the optical 
coupling apparatus comprises one or more lenses and a beam splitter that coopemte to couple 
light from the light source to die first optical element and § sample under measurement disjoaecl 
in place of the reference gsnmple. and to the iirsS detector. 
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4. (Original) The spectrometer recited in Claim 1 wherein the light stiurce comprises a 
polychromatic light source. 

5. (Original) The spectrometer recited in Claim 1 wherein the light soun;e comprises a 
monochromatic light $ource. 

6. (Currently amended) The specirometer iwited in Claim 1 further comprising a 
second shutter assembly disposed between the optical coupling apparatus and the liyht source 
fift mplo undor moQQUt ement. 

7. (Currently amended) The spectrometer recited in Claim 1 whcieln the Qs^ optical 
clement not anti-reflection coated. 

8- (Previously amended) The spectrometer recited in Claim 2 wherein the fiber optic 
cable comprises a plurality of outer illumination fibers that surround a single detector fiber, 

9. (Previously amended) The spectrometer recited in Claim 2 wherein the light source 
comprises a polychromatic light source, and which further comprises a fixed grating disposed 
between the fiber optic cable and the iisst detector that chtumatically separates the light so that 
each pixel receives light of a distinct narrow range of wavelengths. 

10. (Curtiently amended) The spectrometer recited in Claim 6 wherein the 
predetermined equation is: 

Reflection ^ Ii*((SrB2i)^(Bli-B3i)/((Ri-B2i)-(Bli^B3i)). 
where, Si is the signal strengdi at wavelength i for the sample under measurement. Rj is the 
signal strength at wavelength i for a reference sample of known reflection, Bl| is the 
baclcground signal {Strength at wavelength i with the light source on and with reflection only 
from a first focusing lens compriffinp the first onticat elemein B2i is the background signal 
strength at wavelength i with the light source off and the second shutter assembly open, BSj is 
the background signal strength at wavelength i with the light $outx;e off and the second shutter 
assembly closed, and li is the known reflection at wavelengfli i of the reference sample 

1 1 . (Currently amended) The spectrometer recited in Claim 10 wherein Rl-Ri is 
computed using the equation; 

Ri ^ Ri(0)*(Bli-B3i)/(Bli(0)-B3i(0)) 
whete, Rj(0) is the signal strength at wavelength i for the reference sample of known reflection 
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at initial calibration^ Bl j i«» the current background signal strength at wavelength i with the light 
source off and the second shutter assembly closed. Bl j (0) is the background signal strength at 
wavelength i with the light source on and the second shutter assembly closed at the time of 
initial calibration, B3| is the current background signal strength at wavelength i with the light 
source off and the second shutter assembly closed, and B3i(0) is the background signal :itrength 

at wavelength i with the light source off and the second shutter assembly closed at the time of 
initial calibration. 

12. (Currently amended) The specUrometer recited to Claim 6 further comprising: 
a second focucing l e nr. optical element for teceiving light that is transmitted by or 

reflected off of the § sample under measurement disposed in place of the reference 
toward it; 

a second detector coupled to the controller; and 

a second fiber optic cable for coupling light received by the second focu s ing Ion s optical 
elen^e^n). to the second detector; 

and wherein the controller processes the electrical signals output by the respective 
detectors and implements an algorithm that calculates a calibration value for the spectrometer at 
each wavelengtii of light output by the light source using a second piedetemiined equation to 
autocalibnite the spectrometer. 

13. (Cuniently amended) The spectrometer recited in Claim 12 wherein the second 
predetermined equation comprises: 

Transmission = Ii*((Si-B2i)-(B li-B3i)/((Ti-B2i)^(Bli-B3i)) 
wlicte. Si is the signal strength at wavelength i for tiie sample under mcasurem^g| ^mknewft 
saH^,Ti is tiic signal strongtii of the first detector at wavelength i for a reference sample of 
known transmission. Blj is the background signal stnangth of the first detector at wavelength i 
with the light source on and the second shutter assembly closed, B2i is the background signal 
strength of the first detector at wavelength i witii die light source off and (he second shutter 
assembly open, B3j is the background signal strengtii of the first detector at wavelength i with 
the light source off and the second shutter assembly closed, and is the known transmission at 
wavelength i of the reference sample. 

14. (Currently amended) llie spectrometer recited in Qaim 13 wherein Tj is 
computed using the equation: 

Ti = Ti(0)* (Bl j2-B3i2)/(Bl i2(0)-B3i2(0)) 
where, Ti(0) is the signal strength of the first detector at wavelength i for ttie reference sample at 
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initial calibration, Bli2 is the current background signal sti^ngth of the second detector at 
wavelength i with the light source is on and second shutter assembly is closed, Bli20) is the 
background signal strength of the second detector at wavelength i with the light source on and 
the second shutter assembly closed at the time of initial calibration, B3i2 is the current 
background signal strength of the second detector at wavelength i with the light source off and 
the second shutter assembly closed, and B3i2(0) is the background signal strength of the 

second detector with die light source off and the second shutter assembly closed at the time of 
initial calibration. 



15. (Previously amended) An auto-calibrating method for use with a spectrometer 
comprising a light source, an optical element, a detector for outputdng elecuical signals 
corresponding to detected Hght signals, optical coupling apparatus that couples light from the 
light source to the optical element, and couples light reflected from the optical element and a 
sample under measurcmcnt to the detector, a shutter assembly that selectively couples light or 
inhibits light from impinging upon and rcflccted by a reference sample having known rctlection 
or the sample under measurement, and a controller coupled to the detector that processes the 
electrical signals output thereby and implements the method to calculate a reflection value for 
the spectrometer at each wavelength of light output by the light source to autocalibrate the 
spectrometer, the method comprising the steps of: 

performing an initial calibration of the spectrometer; 

performing a background scan with the light source on and die shutter assembly closed; 
performing a background scan, if required, with the light source off and the shutter 
assembly open; 

performing a background scan with the light source off and the shutter assembly closed; 

and 

performing a sample scan of the sample under measurement with the light source on 
and the shutter assembly open. 



16. (Previously amended) The method recited in Claim 15 wherein the initial 
calibration step comprises the steps of: 

performing a background scan with the light source on and the shutter assembly closed; 
performing a backgniund scan with the light source off and the shutter assembly open; 
performing a background scan with the light source off and the shutter assembly closed; 

and 

performing a reference scan of a sample of known reflection with the light source on 
and die shutter assembly open. 
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17. (Pi^vlously amended) An auto-calibrating method for use with a spcclrometcr 
comprising a light source, an optical element, first and second detectors for ou^ulling electrical 
signals corresponding to detected light signals, a shutter assembly that selectively couples light 
or inhibits light from impinging upon and reflected by a lefemnoe sample having known 
reflection or the sample under measurement, optical coupling apparatus for coupling light fnjm 
the light sounce to the optical element, and coupling light inflected from the optical element and 
a sample under measurement to the first detector, and for coupling light that is transmitted by or 
reflected off of the sample under measurement to the second detector, and a contmller coupled 
to the first and second detectors that processes the electrical signals output thereby and 
implements die method to calculate a transmission value for the spectrometer at each wavelength 
of light output by the light source to autocalibrate the spectrometer, die method comprising the 
steps of: 

performing an initial calibration of the spectrometer; 

performing a background scan of the first and second deiecion^ with the light source on 
and the shutter assembly closed; 

performing a background scan, if required, of the first and second detectors with the 
light source off and the shutter assembly open: 

performing a background scan, if required, of the first and second detectors with the 
light source off and the shutter assembly closed; and 

performing a sample scan using the first detector of an unknown sample with the light 
source on and /^y? shutter assembly open. 

18, (Previously amended) Hie mediod recited in Claim 17 wherein the initial 
calibradon step comprises the steps of: 

performing a background scan of the first and second detectors with die light source on 
and the shutter assembly closed; 

performing a background scan of bofli detectors with the light source off and the shutter 
assembty open 

performing a background scan of both detectors with the light soUlx:e off and die shutter 
assembly closed; and 

perlbrming a reference scan using the first detector of a sample of known transmission 
with that light source on and the shutter assembly open. 
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